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FEATURES 

Single 5 V Supply 

285 kSPS Throughput Rate 

System and Self-Calibration with Autocalibration on 
Power-Up 

Eight Single-Ended or Four Pseudo-Differential Inputs 
Low Power: 60 mW typ 

Automatic Power Down After Conversion (5 W) 
Flexible Serial Interface: 

8051/SPI/QSPI/mP Compatible 
24-Pin DIP, SOIC and SSOP Packages 

APPLICATIONS 

Battery-Powered Systems (Personal Digital Assistants, 

Medical Instruments, Mobile Communications) 
Pen Computers 

Instrumentation and Control Systems 
High Speed Modems 



GENERAL DESCRIPTION 

The AD 7856 are high speed, low power, 14-bit AD Cs that op- 
erate from a single 5 V power supply. T he AD C powers up with 
a set of default conditions at which time it can be operated as a 
read only ADC. The ADC contains self-calibration and system 
calibration options to ensure accurate operation over time and 
temperature and have a number of power-down options for low 
power applications. T he part powers up with a set of default 
conditions and can operate as a read only ADC. 

The AD 7856 is capable of 285 kH z throughput rate. The input 
track-and-hold acquires a signal in 500 ns and features a 
pseudo-differential sampling scheme. The AD 7856 voltage 
range is to V REF with both straight binary and 2s comple- 
ment output coding. I nput signal range is to the supply and the 
part is capable of converting full power signals to 100 kHz. 

CMOS construction ensures low power dissipation of typically 
5.4 mW for normal operation and 3.6 (iW in power-down 
mode. T he part is available in 24-pin, 0.3 inch-wide dual-in-line 
package (DIP), 24-lead small outline (SOIC) and 24-lead small 
shrink outline (SSOP) packages. 
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PRODUCT HIGHLIGHTS 

1. Single 5 V supply. 

2. Automatic calibration on power-up. 

3. F lexible power management options including automatic 
powerdown after conversion. 

4. Operates with reference voltages from 1.2 V toV DD . 

5. Analog input range from V to V DD . 

6. Eight single-ended or four pseudo-differential input channels. 

7. Self- and system calibration. 

8. Versatile serial I/O port (SPI/QSPI/8051/nP). 
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AD7856- SPECIFICATIONS 1 ' 



;- 40°C to +85°C), f sample = 285 kHz; K Grade: fa™ = 6 MHz, 
285 kHz;(AV DD = DV DD = +5,0 V ±5% ., REF in /REF 0U t = 
4.096 V External Reference unless otherwise noted, SLEEP = Logic High; T A = T Mm 
to Tmaxi unless otherwise noted,] 



AGrade:f CLK iN=6MHz,! 
(0 Cto+85°C),f SAMPLE = 



Parameter 


A Version 1 


K version 


Units 


Test Conditions/Comments 


DYNAM IC PERFORMANCE 










Signal to N oise + D istortion Rati 


7Q 
/O 


7Q 

/o 


dB min 


Twnirallu CM D ic 7Q C. 

i ypicany bN k is /y.j ud 


/CM D \ 

(bN R) 








\/ 1 f\ L*U -» C inn \tll -urn f IOC L*U i 

V|n = 11) kn z bine wave, tsAM ple ^°-> kH z 


T otal H armonic D istortion (T H D ) 


oc 

-ob 


-ob 


dB max 


ViN = iUkHzbinew ave, f sa m p l e = zob kH z 


Peak H armonic or Spurious N oise 


-0/ 


-0/ 


dB max 


v in = lu kh z bine w ave, isam ple kh z 


1 ntermodulation D istortion ( 1 M D ) 










Second Order Terms 


OC 
-00 


fin 

-yu 


dB typ 


f-, A flQ7 l-M -, fl. T A flC |.M f ")QC "J 

ra = y.yoj kh z, to = lu.ub kh z, isam ple ^od kh z 


Third OrderTerms 


oc 

-00 


fin 

-yu 


dB typ 


— 0. flQ^ LU —j f U n A Ar |.m -j f ")QC l^U -j 

ra = y.yod kh z, td = iu.ud kh z, isam ple kh z 


C hannel-to-C hannel Isolation 


-yu 


nn 

-yu 


dB typ 


V| N = 25 kH z 


DC ACCURACY 








Any Channel 


Resolution 


14 


14 


B its 




Integral Nonlinearity 


4-0 


± 1 


LSB max 


A (\dC\l Cvt-AfA^I D oforanro \/ C \/ 

4.uyo v Lxiernai Kererence, Vdd — j v 


Differential Nonlinearity 


±1 


±1 


Lbo max 


G uaranteed No M issed C odes to 14 B its. 


Total Unadjusted Error 


± 1 


± 1 


i_ bo typ 




U nipolar Offset Error 


±10 


±10 


LSB max 


T ypically ±2 LSBs 


Unipolar Offset Error M atch 






LSB max 




Positive Full-Scale Error 


±10 


±10 


LSB max 




Positive Full-Scale Error M atch 






LSB max 




HI A nr 1 M D 1 1 T 
ANALUb INrU 1 










1 nput Voltage Ranges 


to Voft 


tO V RFC 

w iu v he |- 


Volts 


i.e., Al N (+) - Al N (-) = to Vref, AIN (-) can be biased 










up but Al N (+) cannot go below AIN (-) 


Leakage Current 


±1 


±1 


uA max 




Input Capacitance 


20 


20 


pF typ 




KLrLKLlNLL MNrU 1 /UU 1 rU 1 










REF| N 1 nput Voltage Range 


4 096/Vnn 


2.3/Vdd 


V min/max 


Functional from 1.2 V 


Input Impedance 


150 


150 


ka typ 


Resistor connected to Internal Reference N ode 


REFout Output Voltage 


3.696/4.496 


3.696/4.496 


V min/max 




REFout Tempco 


20 


20 


ppm/°C typ 




i nnr imdiitc 










1 a a 1 1 +■ Ul i a a W a 1 1 - ^ a a \ / 

i npurn ign v oitage, v in h 


Vdd ■ 


Vdd " J-- u 


V min 




Input Low Voltage, Vinl 


0.4 


0.4 


V max 




Input Current, l m 


±10 


±10 


uA max 


Typically 10 nA, V m = V or Vdd 


Input Capacitance, C m 4 


10 


10 


pF max 




LOGIC OUTPUTS 










Output H igh Voltage, V h 


Vdd - 0.4 


V DD - 0.4 


V min 


1 source = 200 uA 


Output Low Voltage, V 0L 


0.4 


0.4 


V max 


1 sink = 1.6 mA 


F loating-State Leakage Current 


±10 


±10 


uA max 




Floating-State Output Capacitance 4 


10 


10 


pF max 




Output Coding 


Straight (N atural) Binary 




Unipolar Input Range 


CONVERSION RATE 










Conversion Time 


3.33 


3.33 


us max 


21 CLKIN cycles 


T rack/H old Acquisition T ime 


0.33 


0.33 


us min 
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Parameter 


A Version 1 


K Version 1 


Units 


Test Conditions/Comments 


DYNAM IC PERFORMANCE 

AV DD; DV DD 


+4.75/+5.25 


+4.75/+5.25 


V min/max 




1 DD 

Normal M ode 5 


17 


17 


mA max 


AV DD = DV DD = 4.5 V to 5.5 V. Typically 12 mA 


Sleep M ode 6 
With External Clock On 

With External Clock Off 
N ormal M ode Power D issi pation 


10 

400 

5 

200 
78.75 


10 

400 

5 

200 
78.75 


uA typ 
uA typ 
uA max 

uA typ 
mW max 


Full Power Down. Power M anagement Bits in Control 
Register Set as PM GT1 =1, PM GT0 = 
Partial Power Down. Power M anagement Bits in 
Control Register Set asPMGTl=l,PMGT0 = l 
Typically 1 nA. Full Power Down. Power M anagement Bits 
in Control 

Register Set as PM GT1 = 1, PM GT0 = 

Partial Power Down. Power M anagement Bits in Control 

Register Set as PM GT1=1,PMGT0 = 1 

V DD = 5.25 V. Typically 60 mW; SLEEP = V DD 


Sleep M ode Power D issi pation 
With External Clock On 
With External Clock Off 


52.5 
26.25 


52.5 
26.25 


uW typ 
uW max 


V DD = 5.25V.SLEEP = 0V 

V DD = 5.25 V. Typically 5.25 uW; SLEEP = V 


SYSTEM CALIBRATION 
Offset Calibration Span 7 
G ain Calibration Span 7 


+0.05 x V REF /-0.05 x V ref 
+1.025 xV REF /-0.975 xV REF 


V max/min 

V max/min 


Allowable Offset Voltage Span for Calibration 
Allowable Full-Scale Voltage Span for Calibration 



NOTES 

'Temperature ranges as follows: A Version: -40°C to +85°C. K Version: 0°C to +70°C 

Specifications apply after calibration. 

3 SNR calculation includes distortion and noise components. 

4 Sample tested @ +25°C to ensure compliance. 

5 AII digital inputs® DGND except for CONVST, SLEEP, CAL, and SYNC @ D V DD . No lo a d on the digita l out puts. An alog inputs @ AGND. 
6 CLKIN @DGND when external clock off. All digital inputs® DGND except for CONVST, SLEEP, CAL, and SYNC @ DV DD . No load on the digital 
outputs. Analog inputs® AGND. 

7 The Offset and Gain Calibration Spans are defined as the range of offset and gain errors that the AD 7856 can calibrate. N ote also that these are voltage 
spans and are not absolute voltages ( i.e., the allowable system offset voltage presented at A I N (+) for the system offset error to be adjusted out will be A I N (-) 
+ 0.05 x V REF , and the allowable system full scale voltage applied between AIN(+) and AIN (-) for the system full-scale voltage error to be adjusted out will be 
V REF ± 025 x V REF ). This is explained in more detail in the Calibration section of the data sheet. 

Specifications subject to change without notice. 
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AD7856 

TIMING SPECIFICATIONS 



j (AV DD = DV DD =+5.0V;f C LKiN= 6 MH z; T A = T M | N to T MAX , unless otherwise noted) 



Parameter 


Limit at T M inf T max 
(A, K Versions) 

5V 


Units 


Description 


'CLKIN 


500 


kH z min 


M aster Clock Frequency 




6 


MHz max 




fsCLK 


10 


MHz max 




tl 


100 


ns min 


CONVST Pulse Width 


t 2 


50 


ns max 


CONVSTl to BUSY T Propagation Delay 


^CONVERT 


3.33 


US max 


Conversion Time = 20 t c l k i n 


t 3 


-0.4t SC LK 


ns min 


SYNCl to SCLKl Setup Time (N oncontinuous SCLK Input) 




70.4t SCL K 


ns min/max 


SYNCl to SCLKl Setup Time (Continuous SCLK Input) 


i_ A 

t 4 4 


30 


ns max 


Delay from SYNCl U ntil DOUT 3-State Disabled 


t 5 4 


30 


ns max 


D elay from SYNCl U ntil D 1 N 3-State D isabled 


j- 4 

W 


45 


ns max 


Data Access Time After SCLKl 


ty 


30 


ns min 


Data Setup Time Prior to SCLKT 


t 8 


20 


ns min 


D ata Valid to SC L K H old T ime 


tg 


0.4t SC LK 


ns min 


SCLK H igh Pulse Width 


tio 


0.4t SC LK 


ns min 


SCLK Low Pulse Width 


tn 


30 


ns min 


SC L K 1 to SYNCl H old T ime (N oncontinuous SC L K ) 




30/0.4 tsdK 


ns min/max 


(Continuous SCLK) 


J- S 

tl2 5 


50 


ns max 


r— * | r nT t\ t ^ II j_ ' 1 n\ /~\ 1 1 "T" f~~ L. J_ r" II 1 

Delay from SYNCl Until DOUT 3-State Enabled 


tl3 


90 


ns max 


Delay from SCLKT to DIN Being Configured as Output 


tl4 6 


50 


ns max 


Delay from SCLKT to DIN Being Configured as Input 


4- 

c 15 


^■J tCLKIN 


ns max 


v^/vl i to du ji i ueiay 


tie 


2-5 tcLKIN 


ns max 


CONVSTl to BUSY? Delay in Calibration Sequence 


f 7 

C CAL 


83.3 


mstyp 


Full Self-Calibration Time, M aster Clock Dependent 








(500052 tcLKm) 


)■ 7 

l CALl 


74.1 


mstyp 


Internal DAC Plus System Full-Scale Cal Time, M aster Clock 








Dependent (444456 t c L k i n ) 


f 7 

C CAL2 


9.25 


mstyp 


System Offset Calibration Time, M aster Clock Dependent 








(55596 tc L KiN) 


to el ay 


65 


ns max 


Delay from CLK to SCLK 


NOTES 

Descriptions that refer to SCLK T (rising) or SCLK i (falling) edges here are with th 


; POLARITY pin HIGH. For the POLARITY pin LOW then the opposite edge of 



SCLK will apply. 

Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of V DD ) and timed from a voltage level of 1.6 V. 
See Table XI and timing diagrams for different interface modes and Calibration. 

2 M ar k/Space rat io for the master clock input is 40/60 to 60/40. 

3 The CONVST pulse width will here only applies for normal operation. When the part is in power-down mode, a different CONVST pulse width will apply 
(see Power-Down section). 

4 M easured with the load circuit of Figure 1 and defined as the time required for the output to cross 0.8 V or 2.4 V. 

5 t 12 is derived form the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated 
back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time, t 12 , quoted in the timing characteristics is the true bus 
relinquish time of the part and is independent of the bus loading. 

6 1 14 is derived form the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of F igure 1. The measured number is then 
extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Characteristics is the 
true delay of the part in turning off the output drivers and configuring the D IN line as an input. Once this time has elapsed the user can drive the D I N line 
knowing that a bus conflict will not occur. 

7 T he typical time specified for the calibration times is for a master clock of 6 M H z. 
Specifications subject to change without notice. 
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TYPICAL TIMING DIAGRAMS 

F igures 2 and 3 show typical read and write timing diagrams for 
serial I nterface M ode 2. T he reading and writing occurs after 
conversion in F igure 2, and during conversion in F igure 3. T o 
attain the maximum sample rate of 285 kH z, reading and writ- 
ing must be performed during conversion as in Figure 3. At 
least 330 ns acquisition time must be allowed ( the time fr om the 
falling edge of BUSY to the next rising edge of CONVST) be- 
fore the next conversion begins to ensure that the part is settled 
to the 14-b it level. If the user does not want to provide the 
CONVST signal, the conversion can be initiated in software by 
writing to the control register. 



TO OUTPUT 
PIN 




50pF ~ |~ 



Figure 1. Load Circuit for Digital Output Timing 
Specifications 



CONVST (l/P) 



BUSY (O/P) 




tcONVERT = 3.33|iS MAX, ti = 100ns MIN, 
t, = 30 ns MAX, t 7 = 30 ns MIN 



<*- 'CONVERT -*i 



SYNC (l/P) 



SCLK (l/P) 



DOUT (O/P) 




™> ?////////////////^^ 

Figure 2. AD7856 Timing Diagram for Interface Mode 2 (Reading Writing After Conversion) 



tcONVERT = 3.33ns MAX,ti = 100ns MIN, 
t 4 = 30 ns MAX , t 7 = 30 ns MIN 



CONVST (l/P) 



BUSY (O/P) 




SYNC (l/P) 



SCLK (l/P) 



DOUT (O/P) 




D'NO/P) Y////////////////^^ 

Figure 3. AD7856 Timing Diagram for Interface Mode 2 (Reading AN riting During Conversion) 
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ABSOLUTE MAXIMUM RATINGS 1 

(T A = +25°C unless otherwise noted) 

AV DD to AG N D -0.3 V to +7 V 

DV DD to DGND -0.3 V to +7 V 

AV DD to DV DD -0.3 V to +0.3 V 

Analog Input Voltage to AG ND .... -0.3 V to AV DD + 0.3 V 
Digital Input Voltage to DGND .... -0.3 V to DV DD + 0.3 V 
Digital Output Voltage to DGND ... -0.3 V to DV DD + 0.3 V 
REF| N /REF ut toAGND -0.3 V to AV DD + 0.3 V 



Input Current to Any Pin Except Supplies 2 ±10 mA 

O perating T emperature Range 

Commercial (A, B Versions) -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature +150°C 

Plastic D I P Package, Power D issipation 450 mW 

8j A Thermal Impedance 105°C/W 

6 JC Thermal Impedance 34.7°C/W 

Lead Temperature, (Soldering, 10 sees) +260°C 



SOIC, SSOP Package, Power D issipation 450 mW 

6 JA Thermal Impedance . . . 75°C/W (SOIC) 115°C/W (SSOP) 
e JC Thermal Impedance . . . .25°C/W (SOIC) 35°C/W (SSOP) 
Lead Temperature, Soldering 

Vapor Phase (60 sees) +215°C 

Infared (15 sees) +220°C 

NOTES 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

transient currents of up to 100 mA will not cause SCR latch up. 



CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
these devices feature proprietary ESD protection circuitry, permanent damage may occur on devices 
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recom- 
mended to avoid performance degradation or loss of functionality. 



ORDERING GUIDE 



PINOUTS FOR DIP, SOIC AND SSOP 





Linearity 






Error 


Package 


Model 


(LSB) 1 


Option 2 


AD7856AN 


±2 


N-24 


AD7856KN 


±1 


N-24 


AD7856AR 


±2 


R-24 


AD7856KR 


±1 


R-24 


AD 7856ARS 3 


±2 


RS-24 


EVAL-AD7856CB 4 






EVAL-CONTROL BOARD 5 







NOTES 

linearity error here refers to integral linearity error. 
2 N = Plastic DIP; R = SOIC; RS = SSOP. 
3 L signifies the low power version. 

4 T his can be used as a stand-alone evaluation board or in conjunction with the EVA L- 

CONTROL BOARD for evaluation/demonstration purposes. 
5 T his board is a complete unit allowing a PC to control and communicate with all 

Analog Devices evaluation boards ending in theCB designators. 



CONVST [L 

BUSY \Y_ 

SLEEP 
REFin/REFout \±_ 
AV DD [iT 
AGND [fT 
CREF1 \T_ 
CREF2 [fT 
AINO \Y_ 
AIN1 [ICT 
AIN2 fTT 
AIN3 \\2_ 



AD7856 

TOP VIEW 
(Not to Scale) 



?*| SYNC 
23]SCLK 

22] CLKIN 
2\\ DIN 
W\ DOUT 
19] DGND 
18] DV DD 

^CAL 
16] AIN7 

15] AIN6 
14] AIN5 
13] AIN4 
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TERMINOLOGY 1 
Integral Nonlinearity 

T his is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. The end- 
points of the transfer function are zero scale, a point 1/2 LSB be- 
low the first code transition, and full scale, a point 1/2 LSB 
above the last code transition. 

Differential Nonlinearity 

This is the difference between the measured and the ideal 1 LSB 
change between any two adjacent codes in the AD C . 

Total Unadjusted Error 

T his is the deviation of the actual code from the ideal code tak- 
ing all errors into account (Gain, Offset, Integral N onlinearity, and 
other errors) at any point along the transfer function. 

Unipolar Offset Error 

T his is the deviation of the first code transition (00 . . . 000 to 
00 . . . 001) from the ideal AIN (+) voltage (A IN (-) + 1/2 LSB). 

Positive Full-Scale E rror 

T his is the deviation of the last code transition from the ideal 
AIN (+) voltage (AIN(-) + Full Scale - 1.5 LSB) after the offset 
error has been adjusted out. 

Channel-to-Channel Isolation 

Channel-to-channel isolation is a measure of crosstalk between 
the channels. It is measured by applying a full-scale 25 kH z sig- 
nal to the other seven channels and determining how much that 
signal is attenuated in the channel of interest. T he figure given is 
the worst case for all channels. 

Track/Hold Acquisition Time 

T he track/hold amplifier returns into track mode and the end of 
conversion. T rack/H old acquisition time is the time required for 
the output of the track/hold amplifier to reach its final value, 
within ±1/2 LSB, after the end of conversion. 

Signal to (Noise + Distortion) Ratio 

T his is the measured ratio of signal to (noise + distortion) at the 
output of the A/D converter. T he signal is the rms amplitude of 
the fundamental. N oise is the sum of all nonfundamental signals 
up to half the sampling frequency (f s /2), excluding dc. T he ratio 
is dependent on the number of quantization levels in the digitiza- 
tion process; the more levels, the smaller the quantization noise. 
T he theoretical signal to (noise + distortion) ratio for an ideal 
N -bit converter with a sine wave input is given by: 

Signal to (N oise + Distortion) = (6.02 N +1.76) dB 

T hus for a 12-bit converter, this is 74 dB. 

: AIN (+) refers to the positive input of the pseudo differential pair, and AIN (-) 
refers to the negative analog input of the pseudo differential pair or to AG N D 
depending on the channel configuration. 



AD7856 



Total Harmonic Distortion 

T otal harmonic distortion (T H D ) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7858/AD7858L, it is 
defined as: 

THD(dB) = 20logfi^E^ZM 

where Vi is the rms amplitude of the fundamental and V 2l V 3l 
V 4 , V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonics. 

Peak Harmonic or Spurious Noise 

Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to f s /2 and excluding dc) to the rms value of the 
fundamental. N ormally, the value of this specification is deter- 
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m, n =0, 1, 2, 3, etc. Intermodulation distortion terms are 
those for which neither morn are equal to zero. F or example, 
the second order terms include (fa + fb) and (fa - fb), while the 
third order terms include (2fa + fb), (2fa - fb), (fa + 2fb) and 
(fa - 2fb). 

T esting is performed using the C C I F standard where two input 
frequencies near the top end of the input bandwidth are used. I n 
this case, the second order terms are usually distanced in fre- 
quency from the original sine waves, while the third order terms 
are usually at a frequency close to the input frequencies. As a 
result, the second and third order terms are specified separately. 
T he calculation of the intermodulation distortion is as per the 
T H D specification where it is the ratio of the rms sum of the in- 
dividual distortion products to the rms amplitude of the sum of 
the fundamentals expressed in dBs. 

Power Supply Rejection Ratio 

Power Supply Rejection Ratio (PSRR) is defined as the ratio of 
the power in ADC output at frequency f to the power of the full- 
scale sine wave applied to the supply supply voltage (Vdd). T he 
units are in LSB, % of F 5 per % of supply voltage, or expressed 
logrithmically, in dB (PSRR (dB) = 10 log(Pf/Pfs)). 

Full Power Bandwidth 

T he Full Power Bandwidth(FPBW) of theAD7856 isthat fre- 
quency at which the amplitude of the reconstructed (using 
FFTs) fundamental (neglecting harmonics and SN R) is reduced 
by 3dB for a full scale input. 
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AD7856PIN FUNCTION DESCRIPTION 



Pin 


Mnemonic 


Description 


i 
i 




l on vert start, l ogic i nput. a iow to nign transition on tnis i nput puts tne tracK/noio into its no i a moue 
and starts conversion. When this input is not used, it should be tied to DV DD . 


2 


BUSY 


Busy Output. T he busy output is triggered high by the falling edge of CONVST or rising edge of CAL, 
and remains high until conversion is completed. BU SY is also used to indicate when the AD 7856 has 
compieteo its on-cnip canuration sequence. 


■D 
J 




C 1 mki 1 if /I /"\ia; D A/or nrto A 1 /"\ <"ii c A iK^ifi^foc" ^ r oon ^11 /~ir/~iiii"rw I c nnuioron A, I n t~ \ I I I n n fka 

Dieep input/Low rower i v i oue. m Logic u i n mates a sieep, ana an circuitry is powereu uown inciuuingtne 
internal voltage reference provided there is no conversion or calibration being performed. Calibration 
data is retained. A Logic 1 results in normal operation. See Power-Down section for more details. 


4 


REFiM/REFniiT 

1 » >- 1 IN/ 1 * 1 - 1 UUI 


R pfprpnre 1 nout/O utout This oin is connected to the internal reference throuah a series resistor and is 

1 \ V>l V«l V..I IV.V« lllk/UL/ W ULk/U L t 1 1 1 1 J k/lll 1 J i-UI II 1 L\_.VJ \.\J LI 1 V_ III — 1 1 IUI 1 V_l \_l V_l 1 \_ V_ Ul II UUUI 1 LA D\_l 1 \_ J 1 V_ J}\ JLU 1 t_ll 1 \A 1 J 

the reference source for the analog-to-digital converter. T he nominal reference voltage is 4.096 V and this 
appears at the pin. This pin can be overdriven by an external reference or can betaken as high as AV DD . 

1 1 1 1 J —J VJ VJ 

When this pin is tied to AV DDi theC RE Fi pin should also be tied to AV DD . 


5 


AV DD 


Analog Positive Supply Voltage, +5.0 V ±5%. 


6 


AG N D 


Analog Ground. Ground reference for track/hold, reference and DAC. 


7 
/ 


r 

<- RE F 1 


Keierence Lapacitor iu.i \sr m uitnayer Leramic;. i nis external capacitor is usea as a cnarge source i or 
the internal DAC. T he capacitor should be tied between the pin and AGN D . 


8 


C REF2 


Reference C apacitor (0.01 (iF C eramic D isc). T his external capacitor is used in conjunction with the on- 
chip reference. T he capacitor should be tied between the pin and AG N D . 


9-16 


AIN 1-AIN8 


a i i j_ r~ ' I j_ i ■ j_ j_ i j_ i i i ■ ■ ■ ii' j_ / r l l * ^ n r\ \ 

Analog 1 nputs. E ight analog inputs that can be used as eight single ended inputs (referenced to AG N D ) 

Ul 1 UUI UbcUUU U 1 II cl cl 1 Udl 1 IIUULb. \- 1 Idl 1 1 lei LUI II lyUI all UN lb bclcLLcU Uy Vvl 1 LI liy LU LI It: LUIILI Ul I txjlbLcl . 

Both the nositivp and npaative incuts cannot no below AG N D or abovp AVnn at anv time Also the oosi- 

U U LI 1 1.1 1 Vw UU Jl LI V U Ul lu 1 l^uULI VL 1 1 1 UU LJ vUl II IUL Vj \J k/vl vVV l \ \J 1 H L*/ \J 1 UL/UVL 1 \ V 111) \A 1 1 y LI 1 1 1 Vw i i \ IJU LI 1 Vw YJ \J Jl 

tive input cannot go below the negative input. See T able III for channel selection. 


17 


CAL 


Calibration Input. This pin has an internal pull-up current source of 0.15 ^A. A Logic on this pin resets 
all logic and initiates a calibration on its rising edge. T here is the option of connecting a 100 nF capacitor 
from this pin to AG N D to allow for an automatic self-calibration on power-up. T his input overrides all 
other internal operations. 


18 


DV DD 


Digital Supply Voltage, +5.0 V ±5%.. 


19 


DGND 


D igital G round. G round reference point for digital circuitry. 


20 


DOUT 


Serial Data Output. T he data output is supplied to this pin as a 16-bit serial word. 


21 


DIN 


Serial D ata 1 nput. T he data to be written is applied to this pin in serial form (16-bit word). T his pin can 
act as an input pin or as a I/O pin depending on the serial interface mode the part is in (see T able X 1 ). 


22 


CLKIN 


M aster clock signal for the device (6 M H z ). Sets the conversion and calibration times. 


23 


SCLK 


Serial Port Clock. Logic Input. The user must provide a serial clock on this input. 


24 


SYNC 


Frame Sync. Logic Input. This pin is level triggered active low and frames the serial clock for the read 
and write operations (see Table XI). 
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AD78560N-CHIP REGISTERS 

The AD 7856 powers up with a set of default conditions. The only writing that is required is to select the channel configuration. 
Without performing any other write operations the AD 7856 still retains the flexibility for performing a full power-down, and a full 
self-calibration. 

Extra features and flexibility such as performing different power-down options, different types of calibrations including system 
calibration, and software conversion start can be selected by further writing to the part. 

The AD 7856 contains a Control Register, ADC Output Data Register, Status Register, Test Register and 

10 Calibration Registers T he control register is write only, the ADC output data register and the status register are read only, and 

the test and calibration registers are both read/write registers. T he T est Register is used for testing the part and should not be written to. 

Addressi ng the O n- C hi p Regi sters 
Writing 

A write operation to the AD 7856 consists of 16 bits. T he two M SBs, AD DRO and AD DR1, are decoded to determine which register 
is addressed, and the subsequent 14 bits of data are written to the addressed register. It is not until all 16 bits are written that the 
data is latched into the addressed registers. T able I shows the decoding of the address bits while F igure 4 shows the overall write reg- 
ister hierarchy. 

Table I. Write Register Addressing 



ADDR1 


ADDRO 


Comment 








T his combination does not address any register so the subsequent 14 data bits are ignored. 





1 


This combination addresses theTEST REGISTER. T he subsequent 14 data bits are written to the test 






register. 


1 





T his combination addresses the CALIBRATION REGISTERS. T he subsequent 14 data bits are written 






to the selected calibration register. 


1 


1 


T his combination addresses the CONTROL REGISTER. T he subsequent 14 data bits are written to the 






control register. 



Reading 

To read from the various registers the user must first write to Bits 6 and 7 in the Control Register, RDSLTO and RDSLT 1. These 
bits are decoded to determine which register is addressed during a read operation. Table II shows the decoding of the read address 
bits while Figure 5 shows the overall read register hierarchy. T he power-up status of these bits is 00 so that the default read will be 
from the ADC output data register. 

Once the read selection bits are set in the Control Register, all subsequent read operations that follow will be from the selected regis- 
ter until the read selection bits are changed in the C ontrol Register. 



Table 1 1. Read Register Addressing 



RDSLT1 




Comment 



All successive read operations will be from ADC OUTPUT DATA REGISTER. This is the power up 

default setting. There will always be 4 leading zeros when reading from the ADC Output Data Register. 

All successive read operations will be from TEST REGISTER. 

All successive read operations will be from CALIBRATION REGISTERS. 

All successive read operations will be from STATUS REGISTER. 



I ADDR1 , ADDRO | 
' DECODE 











10' 








TEST 
REGISTER 




CALIBRATION 
REGISTERS 




CONTROL 
REGISTER 



fcALSLTI , CALSLTO 1 00 
| DECODE f 




'"rDSLTI, RDSLTO 1 
■ DECODE 



00 \ 




4 


"J 


ADC OUTPUT 
DATA REGISTER 




TEST 
REGISTER 




CALIBRATION 
REGISTERS 




STATUS 
REGISTER 




I CALSLT1, CALSLTO I 
L DECODE 1 



Figure 4. Write Register Hierarchy/Address Decoding 



Figure 5. Read Register Hierarchy/Address Decoding 
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CONTROL REGISTER 

T he arrangement of the C ontrol Register is shown below. T he control register is a write only register and contains 14 bits of data. 
The control register is selected by putting two Is in ADD Rl and AD DRO. The function of the bits in the control register are de- 
scribed below. T he power-up status of all bits is 0. 



MSB 



SGL/DIFF 


CH2 


CHI 


CHO 


PMGT1 


PMGTO 


RDSLT1 




RDSLTO 


2/3 MODE 


CONVST 


CALM D 


CALSLT1 


CALSLTO 


STCAL 



LSB 



CONTROL REGISTER BIT FUNCTION DESCRIPTION 



Rit 


ft/I nomnnir 

1*1 1 Id 1 IUI II v. 


C nmmont 

V- KM 1 II 1 Id IL 


13 


SGL/DIFF 


A in bit position configures the input channels in pseudo differential mode. A 1 in this bit position 
configures the input channels in single ended mode (see Table III). 


12 


CH2 


T hese three bits are used to select the channel on which the conversion is performed. T he channels can 


11 


CHI 


be configured as eight single ended channels or four pseudo differential channels. T he default selection 


10 


CHO 


is AIN 1 for the positive input and AIN 2 for the negative input (see Table III for channel selection). 


9 


PMGT1 


Power M anagement Bits. T hese two bits are used with the SLEEP pin for putting the part into various 


8 


PMGTO 


Power-D own M odes (see Power-D own section for more details). 


7 


RDSLT1 


T heses two bits determine which register is addressed for the read operations (see T able II). 


6 


RDSLTO 




5 


2/3 MODE 


Interface M ode Select Bit. With this bit set to 0, Interface M ode 2 is enabled. With this bit set to 1, 
1 nterface M ode 1 is enabled where D 1 N is used as an output as well as an input. T his bit is set to by 
default after every read cycle; thus when using the Two-Wire Interface M ode, this bit needs to be set to 
1 in every write cycle. 


4 


CONVST 


Conversion Start Bit. A logic one in this bit position starts a single conversion, and this bit is automati- 
cally reset to at the end of conversion. T his bit may also used in conjunction with system calibration 
(see Calibration section.) 


3 


CALM D 


Calibration M ode Bit. A here selects self calibration, and a 1 selects a system calibration (seeTable IV). 


2 


CALSLT1 


Calibration Selection Bits and Start Calibration Bit. T hese bits have two functions. 


1 


CALSLTO 


With the STCAL bit set to 1 the CALSLT 1 and CALSLTO bits determine the type of calibration per 





STCAL 


formed by the part (seeTable IV). The STCAL bit is automatically reset to at the end of calibration. 
With the STCAL bit set to the CALSLT 1 and CALSLTO bits are decoded to address the calibration 
register for read/write of calibration coefficients (see section on the Calibration Registers for more details). 
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Table I II. Channel Selection 



SGL/DIFF 


CH2 


CHI 


CHO 


AIN(+)* 


AIN(-)' 


o 








n 

\J 


Al N i 


Al N 2 











1 


AIN 3 


AIN4 








1 





AIN5 


AIN 6 








1 


1 


Al N 7 


AIN 8 





1 








Al N 2 


AIN 1 





1 





1 


AIN4 


AIN3 





1 


1 





AIN 6 


AIN5 





1 


1 


1 


AIN 8 


AIN7 


1 


o 


o 


o 


Al N 1 


AG N D 










1 


AIN3 


AG N D 







1 





Al N 5 


AG N D 







1 


1 


Al N 7 


AG N D 




1 








Al N 2 


AG N D 




1 





1 


AIN4 


AG N D 




1 


1 





AIN 6 


AG N D 




1 


1 


1 


AIN 8 


AG N D 



*AIN (+) refers to the positive input seen by the AD 7856 sample and hold circuit, 
AIN(-) refers to the negative input seen by the AD 7856 sample and hold circuit. 



Table IV. Calibration Selection 



CALMD 


CALSLT1 


CALSLTO 


Calibration Type 











A Full Internal Calibration is initiated where the 1 nternal D AC is calibrated 
followed by the Internal Gain Error, and finally the Internal Offset Error is 
calibrated out. T his is the default setting. 








1 


H ere the Internal Gain Error is calibrated out followed by the Internal Offset 

Error is calibrated out. 





1 





T his calibrates out the 1 nternal Offset E rror only. 





1 


1 


This calibrates out the Internal Gain Error only. 


1 








A Full System Calibration is initiated here where first the Internal DAC is 
calibrated followed by the System Gain Error, and finally the System Offset Er- 
ror is calibrated out. 


1 





1 


H ere the System Gain Error is calibrated out followed by the System Offset 
Error. 


1 


1 





T his calibrates out the System Offset Error only. 


1 


1 


1 


T his calibrates out the System Gain Error only. 
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STATUS REGISTER 

T he arrangement of the Status Register is shown below. T he status register is a read only register and contains 16 bits of data. T he 
status register is selected by first writing to the control register and putting two Is in RDSLT 1 and RDSLTO. T he function of the bits 
in the status register are described below. T he power-up status of all bits is 0. 



START 







WRITE TO CONTROL REGISTER 
SETTING RDSLTO = RDSLT1 = 1 






READ STATUS REGISTER 



Figure 6. Flow Chart for Reading the Status Register 

MSB 



ZERO 


BUSY 


SGL/DIFF 


CH2 


CHI 


CHO 


PM GT1 


PM GTO 




RDSLT 1 


RDSLTO 


2/3 MODE 


X 


CALM D 


CALSLT1 


CALSLTO 


STCAL 



LSB 



STATUS REGISTER BIT FUNCTION DESCRIPTION 



Bit 


Mnemonic 


Comment 


15 


ZERO 


T his bit is always 0. 


14 


BUSY 


Conversion/Calibration Busy Bit. When this bit is 1 this indicates that there is a conversion 






or calibration in progress. When this bit is 0, there is no conversion or calibration in progress. 


13 


SGL/DIFF 


These four bits indicates the channel which is selected for conversion (see T able III). 


12 


CH2 




11 


CHI 




10 


CHO 




9 


PMGT1 


Power management bits. T hese bits along with the SLEEP pin will indicate if the part is in a 


8 


PM GTO 


power down mode or not. See T able VI for description. 


7 


ONE 


Both theses bits are always 1 indicating it is the status register which is being read (see Table II). 


6 


ONE 




5 


2/3 M ODE 


Interface M ode Select Bit. With this bit 0, the device is in Interface M ode 2. With this bit 1, 






the device is in 1 nterface M ode 1. T his bit is reset to after every read cycle. 


4 


X 


Don't care bit. 


3 


CALM D 


Calibration M ode Bit. A in this bit indicates a self calibration is selected, and a 1 in this bit 






indicates a system calibration is selected (see Table III). 


2 


CALSLT1 


Calibration Selection Bits and Start Calibration Bit. T he STCAL bit is read as a 1 if a 


1 


CALSLTO 


calibration is in progress and as a if there is no calibration in progress. The CALSLT 1 and 





STCAL 


CALSLTO bits indicate which of the calibration registers are addressed for reading and writing 






(see section on the C alibration Registers for more details). 
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OUTLINE DIMENSIONS 

D imensions shown in inches and (mm) 

24-Lead Plastic DIP (N-24) 



AD7856 



PIN 1 

V 



^ ^ ^ ^ 



^ 4^ -a, -Qy -Qy -Q- 



0.260 ± 0.001 
(6.61 ± 0.03) 



1.226(31.14) 






0.130(3.30) 










0.128(3.25) 
SEATING 



0.32(8.128) 
"*■ 0.30 (7.62) 



♦Ik 
0.02 (0.5) 
0.016(0.41) 



0.11 (2.79) 
0.09 (2.28) 



0.07 (1.78) 
0.05 (1.27) 



0.011 (0.28) 
0.009 (0.23) 



NOTES 

1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 

2. PLASTIC LEADS WILL BE EITHER SOLDER DIPPED OR TIN PLATED 
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 



24- Lead Small Outline Package (R- 24) 




0.596(15.13) 



iiinnnnnnnnm^ 



0.089 (2.26) 
/ -j I. 03(0-76) 

1 "H | ~ 0.02 (0.51) 



0.006 (0.15) 



*\ k 

0.05 (1.27) 
BSC 



♦Ik 

0.019(0.49) 
0.014 (0.35) 



- „ „„, o° 



0.013(0.32) 



0.018(0.447) 



k 



0.009 (0.23) 

1. LEAD NO. 1 IDENTIFIED BY A DOT. 

2. SOIC LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED 
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS 



24- Lead Shrink Small Outline Package (RS- 24) 



PIN 1 
\ 



T 



0.008 (0.203) 
0.002 (0.050) 



0.328 (8.33) 



0.318(8.08) 



-H k 

0.0256 (0.65) 




0.212(5.38) 
0.205 (5.207) 



0.07(1.78) 



1 0.066(1.67) 



± 
J 

0.009 (0.229) 
0.005 (0.127) 



A k 



1. LEAD NO. 1 IDENTIFIED BY A DOT. 

2. LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED 
IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS 
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